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Preface 

The  testing  and  evaluation  of  air  cushion  landing  system  designs 
is  a  required  step  in  the  development  and  deployment  of  an  operational 
system*  The  problems  encountered  in  performing  the  tests  on  large 
scale  vehicles*  and  the  limitation  on  the  number  of  designs  which  can 
be  tested  impose  a  severe  handicap  on  the  widespread  development  of 
this  very  promising  system.  This  report  represents  ray  efforts  to 
assess  the  feasibility  of  utilizing  tests  on  small  scale  models  to 
provide  information  useful  to  the  development  of  larger  scale  systems. 

The  two  major  efforts  of  this  study  were  to  perform  represen¬ 
tative  tests  on  th*>  air  cushion  landing  system  of  a  tenth-scale  model 
Jindivik  RPV,  and  to  compare  the  results  of  these  tests  with  similar 
tests  performed  on  a  full-scale  Jindivik  air  cushion  landing  system. 
The  results  of  these  efforts  are  published  herein.  Judged  on  the  ; 
basis  of  my  personal  education  and  satisfaction,  the  success  of  thit* 
study  was  enormous f  it  is  my  hope  that  the  results  will  prove 
beneficial  to  those  involved  with  the  design  and  construction  of 
future  air  cushion  landing  systems. 

I  am  deeply  indebted  to  the  personnel  of  the  AFIT  shop  whose 
efforts  in  constructing  and  installing  the  test  hardware  made  this 
report  possible.  The  expert  technical  advice  and  assistance  of  Mr. 
Shade  Campbell  and  Mr.  David  Pool  were  essential  in  the  performance 
of  the  experiments  of  this  study.  Mr.  Jim  Steiger  provided  the 
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1  13.  ABSTRACT 


Tests  were  conducted  on  an  air  cushion  landing  system  ACLS  instal¬ 
led  on  a  tenth-scale  model  Jindivik  RPV,  The  model  has  the  correct 
Froude-scaled  values  of  weight,  center  of  gravity  eg  and  moment  of 
inertia  about  all  three  axes.  The  results  of  these  tests  were  compared 
to  the  results  of  similar  tests  conducted  on  the  ACLS  of  a  full-scale 
model  Jindivik, 

Static  tests  on  the  tenth-scale  ACLS  determined  the  heave  stiffness 
to  be  11  lb  per  in,,  the  pitch  stiffness  to  be  .155  lb  ft  per  deg  (for  £ 
nose  down  moment)  and  the  roll  stiffness  to  be  .0048  lb  ft  per  deg. 

These  values  were  within  60/«  of  the  full-scale  values. 

Drop  tests  showed  the  maximum  load  at  the  eg  of  the  model  to  vary 
between  2.2  g’s  at  the  scaled  nominal  landing  rate  of  descent,  to  5.4 
g’s  at  the  maximum  landing  rate  of  descent.  -  Comparison  bc+'-een  systems 
at  the  nominal  landing  "at«  of  descent  show  the  load  dynamics  to  be 
similar.  The  pressure  dynaxnics  of  the  tenth-seal^-  system  showed  rc 
correlation  with  the  full-scale  ACLS  data. 

At  launch  speeds  of  8  mph  and  12  mph,  high  speed  films  of  the 
catapult  tests  showed  that  the  tenth-scale  Jindivik  had  less  pitch  osci¬ 
llations  after  touchdown  with  the  air  cushion  vented  than  in  the  normal 
landing  configuration.  Touchdowns  at  higher  speeds  were  not  analyzed 
due  to  the  narrow  field  of  view  of  the  high  speed  camera. 
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necessary  lias on  between  my  program  of  tests  and  that  of  the  full-scale 
Jindivik. 

My  special  thanks  go  to  Maj.  John  C.  Vaughan,  Chief  Scientist  of 
the  Mechanical  Branch,  Vehicle  Equipment  Division,  Air  Force  Flight 
Dynamics  laboratory,  whose  encouragement  and  guidance  are  chiefly 
responsible  for  whatever  success  was  achieved  in  this  program. 

I  would  also  like  to  express  my  appreciation  to  Dr.  Andrew  J. 
Shine,  Prof.  Harry  R.  Bulmer  and  Capt  J.  T.  Karam,  Jr.,  ray  advisors, 
for  their  advice  and  suggestions  and  for  the  many  hours,  freely  given, 
to  assist  me  in  preparing  this  report. 
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AIR  CUSHION  LANIHNO  8VIIYKN  I’RRFQRNANCR 
ON  A  TKNTM-SCALR  NODKL  J1KOIVIK  Rl'V 

purpose 

The  purpose  of  this  study  was  to  experimentally  determine  the 
performance  of  an  air  cushion  Inning  system  installed  on  a  tenth-scale 
model  Jlndlvih  Rl’V.  Tne  performance  of  the  system  was  evaluated  from 
determination  of  the  following t 

l.  Static  stiffness  of  the  air  cushion  landing  system  in  level* 
pitch  and  roll  attitudes . 

Dynamic  response  of  the  system  to  the  effect  of  vertical 
velocity  during  landing, 

3.  Landing  stability  of  the  system  at  various  forward  speeds  at 
different  air  flv>>  configurations. 

A  number  of  the  measurements  of  the  tenth-scale  aystora'a  performance 
wore  compared  with  similar  measurements  of  an  air  cushion  landing  system 
Installed  on  a  full-scale  model  Jindlvik.  This  comparison  has  provided 
some  answers  to  questions  concerning  the  feasibility  of  using  data* 
obtained  from  tests  on  a  small  modal  (the  model  of  this  study  weighed 
2.5  lb)*  In  designing  air  cushion  landing  systems. 

Background 

The  basic  ACLS  consists  of  a  trunk  which  is  shaped,  as  shown  in 
Fig.  1*  liko  an  elongated  doughnut  or  toroid*  and  an  air  supply  system. 
The  trunk  is  attached  to  the  bottom  of  tho  aircraft  fuselage  and  is 
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it  rt  < 


ft 
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Inflated  by  air  from  the  air  supply  system,  The  ootapreAaed  air  my 
twi  Allowed  to  esoaps  from  tuAivy  small  holes  a  l  on  a  the  bottom  and  Inner 
surface  of  the  trunk.  The  aU*  escaping  ti'om  these  holes  generate*  end 
maintains  a  pressure  Inoreasa  In  the  cushion  t  ea  Ion  of  l  to  A  pel  Above 
atmospheric  which  fortes  ah  Air  cushion  upon  which  the  vehicle  rides. 

(Ref  3il)  Thta  sir  cushion  supports  the  weight  of  the  aircraft  over  a 
relatively  Urge  surface  area.  The  light  footprint  thus  created  allows 
the  vehicle  to  operate  on  unprepared  surfaces  such  as  and,  snow,  sand 
or  water.  In  addition  to  this  flexibility  an  overall  weight  savings 
oan  be  realised  in  comparison  with  conventional  landing  gear  systems. 

The  many  Interacting  variables  of  air  cushion  landing  system 
operation  make  theorctlca*  prediction  of  ACLS  performance  very  difficult. 

I 

At  the  time  of  this  writing  there  are  no  proven  analytical  methods  for 
predicting  the  performance  of  a  particular  ACLS,  and  scale  model  testing 
remains  the  printary  method  for  providing  Information  necessary  for 
design  verification.  A  small  model  could  provide  ACLS  data  at  a  cons  Id* 

i 

erable  savings  in  time  and  money  bur.  the  similarity  in  operation 
botwaen  the  small  scaled  model  and  full-scale  system  Is  open  to  question. 

AfT'DL  la  currently  conducting  static  and  drop  teats  on  the  ACLS  of  a 
full-scale  model  Jindivlk  RPV.  These  tests  are  being  conducted  in 
preparation  for  a  joint  ’JSAF,  .^ort  to  perform  ground/fllght 

tests  on  an  ACLS  equipped  Jindlvlk  drone.  It  is  the  intent  of  this 
report  that  the  comparison  between  the  tenth-scale  and  full-scale 
systems  will  aid  in  determining  If  small  models  (on  the  order  of  5  lb) 
can  be  used  to  dovolop  data  useful  to  full-scalo  ACLS  design. 
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pef tuition  of  Tows 

TemkH  Pressure  rt  •  Thet  pressure,  maaaured  In  tense  of  gage 
pressure,  which  exists  within  the  toroid  shaped  trunk.  This  pressure 
t«nd(i  to  hoop  the  trunh  inflated  during  ell  ACLS  operations. 

OMlhlpn  Pressure  P0  .  The  pressure,  measured  in  tews  of  gage 
pressure,  whioh  exists  exterior  to  the  trunk,  in  the  region  bounded  by 
the  trunk  and  the  fuselage  as  shown  in  Fig,  2* 

Trunk  Area  At  «  That  area  of  the  trunk  in  contact  with  tho  ground 
or  flattened  by  the  effect  of  the  ground  at  a  given  time  and  condition. 

Cushion  Area  Aq  •  That  area  enclosed  by  tho  interior  ground 
tangent  line  of  the  trunk  surface  in  contact  with  tho  ground.  In  hover 
most  of  the  vohtcle  weight  is  supported  by  PQ  acting  over  the  ouahion 

area  A  . 

o 


Fig.  2*  Cross  Section  of  ACLS  Viewed  from  the  Front 
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Center  ef  Pressure  op  •  The  geometric  center  of  A0. 

Trunk  Flow  Am  An  *  The  total  area  of  the  porta  in  the  trunk 

which  allow  air  to  flow  out  of  the  trunk  and  Into  the  air  cushion 

region.  The  effective  trunk  flow  area  is  computed  by  multiplying 

the  measured  area  A  by  a  discharge  coefficient  C.. 

n  a 

Ground  Effect.  The  ground  effect  Is  determined  by  the  effect  of 
the  ground  on  cushion  pressure.  When  P  is  equal  to  the  atmospheric 

C 

pressure  (zero  gage  pressure),,  the  ACLS  is  said  to  be  out  of  ground 

effect  OfiK.  As  Po  rises  above  atmospheric  pressure  the  ACLS  is  in 

ground  effect  ICE  with  a  nominal  design  point  occurring  when  the 

vehicle  is  at  rest  on  the  ground  with  its  weight  being  supported  by  the 

force  of  P  A  and  PA.  This  latter  condition  Is  referred  to  as  hover, 
c  c  t  t 

All  teats  on  the  tenth-scale  Jindivik,  except  where  noted  otherwise, 
were  conducted  in  ground  effect. 

Scope 

Tests  wore  conducted  on  a  tenth-scale  model  Jindivik  RPV  equipped 
with  an  air  cushion  landing  system.  The  experiments  conducted  did  not 
yield  the  data  necessary  to  describe  the  entire  range  of  performance 
of  the  ACLS  but  a  comparison  of  the  data  obtained,  with  similar  results 
of  AFPDL  tests  of  the  full-scale  ACL %  provides  a  good  indication  of  the 
validity  of  using  a  small  model  to  provide  data  for  ACLS  development. 

Static  tests  to  determine  the  trunk  stiffness  in  heave,  pitch  and 
roll  were  conducted.  The  determined  values  were  compared  against  full- 
scale  stiffness  factors  to  determine  the  static  similarity  between 
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Hit  affects  on  th«  ACLS  of  the  vertical  velocity  of  land ins  were 
examined  in  a  series  of  drop  testa.  The  drop  height  vas  varied  to 
give  a  range  of  vertical  velocities  to  simulate  full-scale  values  from 
the  nominal  landing  rate  of  descent  of  7.6  fps  to  the  max in in  expected 
rate  of  descent  of  14  fps.  The  effects  on  the  ACLS  of  varying  the  roll 
end  pitch  attitude  in  drop  tests*  were  not  studied. 

Forward  speed  landing  tests  for  a  range  of  forward  velocities 
from  12  to  30  fps*  were  accomplished  through  the  use  of  a  catapult. 

The  BMtlon  of  the  model  immediately  after  touchdown  was  studied  through 
the  use  of  high  speed  motion  pictures.  The  braking  performance  of  the 
ACLS  vas  analyzed  and  compared  with  full  scale  data. 
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II«  Apparatus 

The  primary  piece  of  equipment  used  in  this  program  was  the  tenth- 
scale  model  Jinaivik*  The  catapult  used  in  the  forward  speed  landing 
tests  was  built  and  installed  by  the  AFIT  shop*  Its  design  is  discussed 
in  Appendix  C«  The  primary  instruments  for  most  of  the  testing  were 
two  water  manometers  used  to  measure  trunk  pressure  and  cushion  pressure* 
For  the  drop  tests  two  pressure  transducers  and  an  accelerometer  were 
used  in  recording  the  dynamic  response  of  the  ACLS.  A  high  speed  movie 
camera  recorded  the  launch  and  touchdown  in  the  catapult  tests* 

Tenth-Scale  Model  Jirdlvik 

The  model  was  designed  by  Maj  John  C.  Vaughan  of  AFFOL  and  Dr  Ned 
Smith  of  Centro  Aviation  of  Dayton,  Ohio.  Centro  Aviation  was  respon¬ 
sible  for  the  construction  of  the  model.  It  has  the  correct  Froude- 
scalec*  values  of  weight,  center  of  gravity  and  moment  of  inertia  about 
all  three  axes.  The  air  supply  system  for  the  ACLS  consists  of  two 
Rotron  Aximax  2H  fans  which  can  supply  up  to  40  cfm  of  air  at  ,15  psig 
to  the  trunk  and  cushion*  A  dump  valve  in  the  belly  of  the  fuselage 
permits  venting  of  the  air  cushion  for  tests  of  braking  performance. 

A  rotron  Fropimax  2  fan  is  installed  in  the  aft  section  of  the  fuselage 
to  provide  aerodynamic  force  on  a  remotely  controlled  steering  vane  in 
the  tail  section.  This  steering  vane  provides  heading  control  during 
taxi  and  forward  speed  tests.  As  shown  in  Fig*  3,  the  model  dimensions 
are*  wing-span  25  in.,  length  2(&  in.,  weight  2.5  lb.  The  fuselage  is 
constructed  of  molded  fiberglass  with  magnesium  bulkheads.  The  wings 
•re  made  of  balsa  wood  with  aluminum  attachments.  The  power  system 
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was  designed  for  a  110  volt  60  cycle  electrical  source*  It  provides 
ISO  watts  at  115  VAC  400  Hz  through  an  umbilical  cord*  The  power  is 
adjustable  through  a  voltage  range  of  105  to  125  VAC  and  a  frequency 
range  of  360  to  440  Hz*  The  control  system  consists  of  two  digital 
proportional  feedback  servos  which  allow  variable  positioning  of  the 
cushion  vent  valve  and  steering  vane*  The  trunk  of  the  ACLS  is  a 
toroidal  configuration  and  is  scaled  from  a  preliminary  design  of  the 
trunk  used  in  the  full-scale  ACLS.  It  is  made  of  latex  rubber  and  can 
have  any  desired  hole  pattern. 

Catapult 

The  catapult  shown  in  Fig. 4  uses  two  24  ft,  5  in.  channel  aluminum 
beams  as  launching  rails.  The  rails  are  mounted  on  two  height-adjustable 
stands  which  allow  the  model  to  be  released  at  the  proper  attitude  and 
altitude.  The  model  is  suspended  from  a  carriage  which  rolls  freely 
along  the  aluminum  rails.  The  carriage  is  accelerated  to  the  desired 
launching  speed  by  a  weight  and  pulley  system*  the  model  is  then  launched 
when  the  carriage  strikes  a  padded  block  at  the  end  of  the  rails. 

Test  Instrumentation 

The  test  instrumentation  for  static  tests  included  two  water  mano¬ 
meters  and  steel  rule.  Force  measurements  in  the  pull  tests  were  made 
with  a  spring  type  load  gage  connected  to  the  model  by  a  system  of 
pulleys.  The  instrumentation  for  the  drop  tests  consisted  of  two  strain 
gage  type  pressure  transducers  and  a  lightweight  accelerometer.  The 
signals  from  these  instruments  were  conditioned  and  displayed  on  an 
oscillograph.  Appendix  D  discusses  the  instrumentation  in  more  detail. 
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III.  T*~t  Conf lgurat Ion  for  Tenth-Scale  ACLS 

The  goal  in  trimming  the  tenth-scale  ACLS  was  to  match  as  closely 
as  possible  scaled  values  from  the  full-scale  system.  The  Jindivik  ACLS 
was  the  first  to  be  designed  with  different  configurations  for  take  off 
and  landing.  The  system  being  tested  on  the  full-scale  model  is  a  lew 
air  flow  system  which  duplicates  the  designed  landing  configuration. 

This  was  to  be  the  primary  test  configuration,  however  tests  were 
conducted  at  a  number  of  configurations  to  determine  the  overall  perfor- 
irance  of  the  system. 

Scale  Considerations 

The  site  and  shape  of  the  tenth-scale  trunk  were  properly  propor¬ 
tioned.  however  the  weight  and  thickness  of  the  latex  rubber  were  far 
greater  than  the  correct  scaled  values.  The  difficulty  in  building  a 
properly  scaled  trunk  is  one  of  the  problems  in  using  a  small  model  to 
test  an  ACLS. 

The  operational  parameters  which  had  to  be  considered  in  trimming 
the  ACLS  were  trunk  pressure,  cushion  pressure*  flow  rate  and  trunk 
flow  area.  Trunk  pressure  was  selected  as  the  basic  parameter  in 
determining  the  desired  test  configuration.  For  a  full-scale  value 
of  P  of  1.7  psig  (the  pressure  used  in  a  series  of  full-scale  tests) 
it  was  determined  that  the  tenth-scale  trunk  pressure  should  be  4.75 
in.  H^O,  (see  Appendix  A  for  scale  factors)  The  full  scale  tests 
employed  a  number  of  different  configurations  and  ratios  of  P  /P  but 

C  t 

a  typical  ratio  was  .38.  For  P^  ■  4.75  in.  H,0  the  value  of  P  for 

t  t  c 

this  ratio  is  1.8  in.  HjO.  Trunk  and  cushion  pressures  for  the  model 
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were  measured  for  a  number  of  flow  areas  at  fan  powers  of  105  VAC  360 
Hz,  115  VAC  400  Hz  and  125  VAC  440  Hz  as  shown  in  Fig.  5.  The  operating 
condition  at  which  the  trunk  and  cushion  pressures  were  closest  to  their 
properly  scaled  values  was  selected  as  the  desired  landing  configuration. 
It  was  found  that  cushion  pressure  increased  to  a  maxim  lie  value  at  a 
fairly  low  flow  area  and  then  remained  essentially  constant  while  trunk 
pressure  decreased  as  flow  area  was  increased.  The  pitch  stability  of 
the  system  was  examined  by  observing  the  pitch  damping  of  the  system 
after  being  disturbed  from  equilibrium.  It  was  found  that  a  fairly 
large  region  of  undamped  or  unstable  operation  exists,  but  the  selected 
landing  configuration  was  well  removed  from  the  area  of  unstable  oper¬ 
ation. 

Air  Supply  System 

The  operating  characteristics  for  a  single  Rotron  Aximax  2H  fan 
indicate  an  inherently  unstable  operating  region,  shown  in  Fig.  6.  The 
pressure  vs  flow  rate  relation  of  2  fans  in  series,  as  used  in  the 
model  of  this  study,  were  found  by  measuring  Pt  out  of  ground  effect  at 
a  number  of  different  trunk  flow  areas  and  then  computing  the  flow  rate. 
(See  Appendix  F  for  sample  computations.)  The  operating  characteristics 
of  this  air  supply  system,  shown  in  Fig.  6, do  not  indicate  any  region 
of  unstable  operation. 

Center  of  Gravity  Considerations 

On  the  full-scale  Jindivik  the  center  of  pressure  of  the  ACLS  is 
located  8.5  in.  forward  of  the  center  of  gravity.  This  was  done  partly 
to  help  counteract  a  nose  down  pitching  moment  encountered  in  landing. 
Since  this  nose  down  moment,  due  to  the  friction  of  the  ground  on  the 
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bottom  of  the  t run* ,  (toon  not  occur  In  drop  teata,  the  eg  being  eft  of 
the  op  causes  Increased  pitch  oscillation.  It  vti  decided  to  move  th« 
eg  directly  over  the  op  for  the  tenth-scale  drop  testa  and  static  toata. 
This  waa  done  by  placing  a  weight  In  the  nose  of  the  model  which 
Increased  the  total  weight  of  the  modal  to  2.563  lb,  This  added  weight 
waa  ramoved  for  the  forward  apeed  testa*  moving  the  eg  to  .6  In.  aft 
of  the  cp. 

Poll  Tests 

Tull  teata  were  conducted  on  the  tenth-scale  model  to  help  oheoK 
the  validity  of  the  landing  configuration.  It  waa  important  in  forward 
apeed  teats  that  the  pull  foroe  P  required  to  move  the  model  be 

r 

properly  scaled  to  the  forco  required  to  move  the  full-scale  ACLSi, 

The  scaled  value  of  the  pull  force  required  to  move  the  full-scale 
vehicle  la  .617  +  .07  lb.  The  measured  value  of  for  the  tenth-scale 
model  in  the  landing  configuration  waa  .62  +  .02  lb.  Additional  results 
of  the  pull  tests  for  the  system  in  different  configurations  are  found 
In  Table  VIII  of  Appendix  K. 
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Static  tests  ware  eomluctiKl  on  the  tenth-scale  ACLS  to  determine 
the  heave  stiffness,  roll  stiffness  and  pitch  stiffness,  Stiffness 
factors  wax'#  computed  from  the  data  of  these  test*  and  compared  against 
full  iioaI a  test  result*  to  determine  the  degree  of  similarity  In  static 
performance  of  the  two  systems,  It;  was  found  that  the  agreement  in  roll 
stiffness  wen  good  hut  that  the  tench-scale  ACLS  wee  considerably 
etiffer  in  pitch  end  heave. 

Heave  Stiffness 

The  heave  at  if  fixate  factor  la  a  meaeure  of  the  amount  of 
vertical  displacement  of  the  vehicle  aa  weight  on  the  vehicle  la 
increased.  Weight,  in  1/A  lb  increments,  was  added  to  the  eg  of  the 
wodel.  Measurements  were  made  of  the  vertioal  displacement  of  the  wing 
roots  after  each  increment  of  weight  was  added,  Thu  displacement  of 
the  eg  was  estimated  by  averaging  the  displacement  of  the  wing  roots. 
Previous  ACLS  model  tests  have  shown  the  functional  relation  between 
deflection  va  xveight  to  be  quite  linear  (lief  2i 50-31),  The  graph 
of  Fig.  7  shows  the  deflection  vs  wight  relation  of  the  tenth-scale 
ACLS  to  be  nearly  linear.  The  slope  of  the  curve  of  Fig.  7  was  computed 
by  using  the  extended  difference  method  and  was  used  as  the  heave  at  * r  - 
ness  factor.  for  the  tenth-scale  ACL5  in  the  landing  configuration 
was  found  to  bo  10,97  +  2X  lb  per  in.  When  converted  to  the  full  scale 
value  this  becomes  1097  +  2X  lb  per  in,  and  compares  with  for  the 
full-scale  model  of  700  +  7X  lb  per  in.  The  greater  stiffness  of  the 
tenth-scalo  ACLS  is  due  primarily  to  the  improperly  scaled  weight  and 
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,  7.  ACLS  Deflection  with  Load  Over  the  eg  for  Landing  Configuration 
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thickness  of  the  trunk  material.  Tha  htava  stiffness  factor  wan  found 
to  bo  8,37  +  21  lb  par  in,  for  tha  landing  configuration  with  tha  air 
ouahlon  van tad,  tha  haava  atiffnaaa  in  tho  taka  off  configuration  waa 
10.00  +  22  lb  per  in,  Figure  Id  ahowa  the  non  linear  effaota  of  air 
leak*  around  the  trunk  and  tha  elasticity  of  the  trunk  cause  the  weight 
va  daf lection  relation  to  bacome  non  linear  aa  the  weight  added  to  tho 
og  become*  larger  than  3  lb.  for  tha  ouahlon  vented  take  off  config¬ 
uration  had  two  valuea.  Over  the  range  where  trunk  pressure  Increased 
aa  weight  waa  addod  the  stiffness  waa  12,8  +  22  lb  per  in.  After  P 
reached  a  maximum  value  of  5.45  in.  H^O  n  stiffness  became  4.4  +22 
lb  per  In.  The  change  in  the  value  of  Is  shown  in  Fig*  IS  by  tho 
definite  change  in  slope  at  a  load  of  1.7  lb.  The  data  for  these  tests 
are  tabulated  in  Appendix  K. 

Pitch  Stiffness 

The  pitch  stiffness  factor  Kq  is  a  measure  of  the  change  in  pitch 
attitude  caused  by  a  torque  being  applied  about  the  center  of  gravity  in 
the  pitching  plane.  The  necessary  information  for  computation  of  the 
pitch  stiffness  factor  was  obtained  by  applying  a  torque  about  the 
lateral  axis  (pitching  moment)  and  determining  the  angular  change  in 
pitch  attitude  of  the  model.  The  torque  was  applied  by  placing  a  weight 
on  the  nose  or  tail  of  the  model  and  removing  an  equal  amount  of  weight 
from  the  eg  of  the  model.  The  angular  deflection  was  computed  from 
measurements  of  the  change  in  height  of  the  tip  of  the  nose  and  base  of 
the  tall.  (See  Appendix  F  for  details  on  the  necessary  computations.) 
The  deflection  angle  vs  weight  added  relation  was  found  to  be  linear  ao 
shown  in  Fig.  8.  Using  the  extended  difference  method,  the  slope  of  the 
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daf lection  angle  v»  weight  added  curve  waa  computed  And  multiplied  by 
the  moment  atm  Co  find  tht  stiffness  factor.  Kg  for  noao  down  moment 
(negative  pitch  moment)  we *  found  to  U  ,155  *  3X  lb  ft  por  dog.  The 
value  of  Kg  for  a  positive  pitch  moment  was  found  to  bo  ,130  +  3X  lb 
ft  por  dog,  These  vaIuaa  vhon  converted  to  full-scale  are  1550  +  31 
lb  ft  por  dog  and  1300  +  31  lb  ft  por  dog.  They  are  considerably 
higher  than  the  value  of  the  pitch  stiffness  for  nose  down  moment 
determined  from  full-scale  tests  of  900  £  61  lb  ft  per  deg, 

Poll  Stiffness 

The  roll  stiffness  is  a  measure  of  the  amount  of  roll  caused  by  a 
torque  being  applied  about  the  eg  in  the  roll  plane.  The  value  of  the 
roll  atiffness  factor  was  determined  by  comparing  the  change  in  roll 
angle  with  torque  applied  about  the  longtltudinal  axis.  The  torque 
was  applied  by  adding  weight  to  a  wing  tip  while  taking  an  equal  amount 
of  weight  off  the  eg.  The  change  in  bank  angle  was  determined  from 
measurements  of  the  change  in  height  of  each  wing  tip  after  the  weight 
was  applied*  As  shown  in  Fig,  9  the  relation  of  roll  angle  to  weight 
added  was  linear.  The  same  method  used  in  computing  the  pitch  stiffness 
factor  was  used  to  find  the  roll  stiffness  factor,  for  a  positive 
rolling  moment  (weights  on  the  right  wing)  was  ,00493  +  3Z  lb  ft  per 
deg*  and  for  a  negative  moment  was  ,00466  +  3%  lb  ft  per  deg.  When 
converted  to  full-scale,  these  values  became  49,3  +  3Z  lb  ft  per  deg 
and  46,6  +3Z  lb  ft  per  dog.  The  tenth-scale  values  of  show  good 
agreement  with  the  full-scale  ACLS  value  of  60  +  6%  lb  ft  per  deg. 
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V.  Drop  Testa 

Drop  tests  were  coruucted  to  determine  the  dynamic  response  of  the 

tenth-scale  ACLS  to  the  vertical  forces  of  landing.  Trunk  pressure, 

cushion  pressure  and  acceleration  of  the  eg  a  were  measured  as  the 

eg 

tenth-scale  model  was  dropped  from  specified  heights.  The  tests  were 
conducted  from  release  heights  of  1.0  in.,  2k  in.  and  3%  in.  These 
selected  drop  heights  yield  vertical  velocities  similar  to  full-scale 
descent  rates  of  7.5  fps,  the  nominal  landing  descent  rate,  11  fps  and 
14  fps,  the  maximim  landing  descent  rate. 

Instrumentation 

Pressure  measurements  were  taken  with  strain  gage  type  pressure 
transducers  from  pressure  taps  located  in  the  trunk  region  and  cushion 
region.  The  acceleration  was  measured  by  a  strain  gage  type  accelerometer 
located  2  in.  aft  of  the  eg.  The  signals  were  displayed  on  an  oscill¬ 
ograph  by  a  Visacorder.  A  light-weight  piezoelectric  accelerometer  was 
used  in  some  of  the  tests  but  the  output  was  less  satisfactory  as 
explained  in  Appendix  D.  The  pressure  transducers  were  calibrated 
before  each  drop  by  comparing  the  static  IGE  reading  of  the  trunk  and 
cushion  pressures  with  water  manometers  reading  the  same  values.  The 
accelerometer  could  be  checked  for  each  test  by  comparing  the  deflection 
prior  to  release  (1  g)  with  that  immediately  after  release. 

Results  of  Drop  Tests 

It  was  found  that  the  acceleration  forces  measured  in  the  tenth- 
scale  drop  tests  showed  good  agreement  with  measurements  taken  in  the 
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full-scale  tests.  The  pressure  response  showed  little  correlation  with 
full-scale  data,  When  converted  to  full  scale  readings,  the  peak  trunk 
pressure  for  landings  at  nominal  descent  rate  is  1,95  psig.  This 
compares  to  a  value  for  the  full-scale  tests  of  2,5  psig.  The  converted 
value  of  the  peak  cushion  pressure  for  the  tenth-scale  ACLS  was  ,35  psig. 
This  compares  with  1,2  psig  for  the  full-scale  ACLS  under  similar 
conditions.  The  primary  reason  for  lack  of  agreement  between  the 
systems  is  the  difference  in  air  supply  systems.  The  full-scale  system 
employs  a  centrifugal  flow  fan  which  has  good  backflow/recovery  character¬ 
istics  while  the  tenth-scale  model  uses  two  axial  flow  fans  in  series, 
a  system  with  poor  backflow/recovery  character! stecs.  Neither  pressure 

appeared  to  vary  in  phase  with  a  |  instead,  trunk  pressure  quickly 

eg 

reached  a  steady  state  value  while  cushion  pressure  rose  slowly  to  the 
value  for  static  hover,  (See  Fig,  10.) 

Comparison  in  the  loading  at  the  eg  of  the  two  Jindivik  models  show 

them  to  be  similar  in  this  area.  The  peak  load  on  the  eg  of  the  tenth- 

scale  ACLS  for  the  nominal  descent  rate  landing  was  2,2  g*s.  The  value 

recorded  in  full-scale  tests  was  2,3  g's.  The  tenth-scale  values  for 

peak  a  recorded  in  tests  with  the  cushion  vented  were  essentially  the 
eg 

same  as  the  values  recorded  with  the  vent  closed.  This  indicates  that 
the  air  cushion  had  little  effect  upon  the  peak  g  of  landing.  This 
observation  was  also  made  from  drop  tests  of  the  full-scale  ACLS.  It 
was  found  for  the  tenth-scale  system  that  at  the  nominal  descent  rate, 
the  peak  g  forces  were  significantly  less  for  drop  testa  conducted  with 
no  air  flow  to  the  system  (1,65  g  vs  2.2  g).  This  may  indicate  that  a 
stiffer  trunk  with  less  air  flow  may  be  a  better  energy  absorption 
system.  Tables  XI  and  XII  summarize  the  results  of  the  drop  tests. 
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Fig.  10.  Sample  Drop  Test  Schematic 
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VI*  Catapult  Tests 

Catapult  tests  were  conducted  to  simulate  the  dynamics  of  a  landing* 
High  speed  films  were  made  of  the  tests  showing  the  effects  of  catapult 
separation  and  touchdown  upon  the  model*  The  tests  were  conducted  at 
representative  speeds  throughout  the  range  of  catapult  operation. 

Launch  Velocity 

The  launch  velocity  of  the  model  was  calculated  for  a  number  of 
launching  conditions.  The  full  travel  of  the  carriage  was  measured 
and  timed.  These  values  were  used  to  calculate  the  acceleration  of  the 
carriage*  The  launch  velocity  VL  of  the  model  was  then  computed  for 
different  carriage  release  points  along  the  catapult  rails.  Appendix 
F  shows  the  details  of  these  calculations* 

The  catapult  tests  were  conducted  at  launch  velocities  of  11.4  fps, 
18.7  fps,  26.4  fps  and  30,5  fps  (velocities  are  accurate  to  +  10%), 

The  final  velocity  represents  the  maximum  attainable  velocity  for  the 
catapult  configuration  used  in  these  tests. 

Separation  From  the  Catapult  Carriage 

It  was  determined  from  the  high  speed  film  that  the  catapult/model 
separation  was  flawless  throughout  most  of  the  operating  speed  range  but 
that  at  the  maximum  attainable  speed  the  carriage  pitched  forward  after 
hitting  the  stop  causing  the  front  carriage  support  to  strike  the  rear 
launch  mount  of  the  model  as  it  passed  underneath.  The  subsequent 
pitch-up  of  the  nose  of  the  model  caused  the  model  to  touch  down  with  a 
nose  high  pitch  angle  of  approximately  10  deg. 
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Configuration 

The  model  was  configured  as  closely  as  possible  to  the  full-scale 
Jindivik  in  the  landing  configuration.  The  weight  placed  in  the  nose 
of  the  model  during  static  and  drop  tests  was  removed,  moving  the  eg 
to  ,6  +  20Z  in,  aft  of  the  cp.  It  was  desired  to  evaluate  the  pitch 
response  of  the  model  at  two  configurations.  The  normal  landing  config¬ 
uration  was  to  be  compared  to  the  high-drag  configuration  achieved 
with  the  air  cushion  vented.  The  proper  positioning  of  the  aircraft 
eg  and  proper  balance  of  drag  moment  and  air  cushion  moment  are  critical 

at  touchdown.  If  the  force  created  by  P  acting  over  A  is  large  and 

c  c 

if  the  eg  is  too  far  from  the  cp,  a  nose  up  pitching  moment  will  result 
which  can  cause  the  vehicle  to  pitch  up  after  landing  and  become  air- 
bom  in  a  near  stalled  attitude.  On  the  other  hand  if  the  moment  due  to 
drag  is  large  compared  to  that  caused  by  P  A  ,  the  nose  will  pitch  down 

C  v 

on  landing  which  is  also  undesirable.  The  drag  and  air  cushion  moments 
about  the  eg  for  the  two  configurations  are  shown  in  Fig,  11, 

It  was  determined  from  the  high  speed  films  that  at  11.4  fps  and 
18,7  fps,  the  model  tended  to  pitch  up  after  touchdown  in  the  normal 
landing  configuration.  At  the  same  speeds  with  the  air  cushion  vented, 
the  model  maintained  a  level  pitch  attitude  after  touchdown.  The  results 
of  launches  at  higher  speeds  were  inconclusive  because  of  the  narrow 
field  of  view  of  the  high  speed  camera. 

Braking  Coefficient 

Measurements  were  made  of  the  slide  out  distance  for  the  different 
launch  speeds  and  configurations.  The  estimated  touchdown  speed  and 
slide  distance  were  used  to  compute  the  deceleration  during  slide  out. 
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An  average  braking  factor  was  then  computed  for  the  cushion  vented 
configuration.  The  value  thus  computed  for  the  tenth-scale  braking 
factor  was  .33  +  202  which  compares  with  the  full-scale  value  of  .35 
Appendix  F  shows  the  details  of  the  above  calculations. 
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VII.  Conoluilonn  and  UepomroemUt  Iona 


Conclusions 

An  experimental  investigation  of  the  performance  of  an  A CIS 
Installed  on  a  tenth-scale  model  Jindivlk  RPV  has  been  conducted.  The 
results  of  this  investigation  have  been  compared  to  similar  results  from 
tests  performed  on  an  ACLS  installed  on  a  full-scale  model  Jindivlk. 

Rased  on  experimental  results  and  comparison  to  full-scale  test  results, 
the  following  conclusions  are  dravmi 

1.  The  dynamlo  load  at  the  concur  of  gravity,  resulting  fx'om  drop 
tests,  wao  similar  for  the  two  systems.  This  conclusion  is  drawn  from 
results  of  similar  drop  tears  conducted  on  the  tenth-scale  and  full-scale 
systems.  At  the  nominal  descent  rate  for  landing,  the  peak  acceleration 
force  at  the  eg  of  the  tenth-scale  system  was  2.2  g’s  compared  to  2.3  g's 
for  the  full-scale  system.  The  results  for  both  systems,  of  tests 
conducted  at  a  particular  air  flow  and  trunk  flow  area,  showed  that  the 
peak  load  at  the  eg  was  the  same  for  tho  air  cushion  vented  configuration 
as  for  the  normal  landing  configuration. 

2.  The  response  of  trunk  and  cushion  er.suro  of  the  tenth-scale 

system,  to  '"he  dynamics  of  drop  tests,  did  not  correlate  to  the  pressure 

response  of  the  full-stale  system.  The  peak  cushion  pressure  for  tenth- 

scale  tests  at  the  nominal  descent  rate  converted  to  a  full-scale 

reading  was  ,18  +  10?  psi.  The  value  of  P  recorded  in  a  similar  full- 
""  c 

scale  test  was  1.2  +  10?,  The  rise  time  for  the  tenth-scale  P  to  reach 

—  c 

its  equilibrium  value  was  an  order  of  magnitude  greater  than  the 
comparable  full-scale  value. 
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5.  High  spaed  film  *  of  catapult  teat*  showed  that  for  touchdown 
speeds  up  to  13  mph  (at  the  nominal  descent  vice)  the  aircraft  pitch 
osclliat  '  x\i  which  occurred  after  touchdown  were  significantly  smaller 
when  the  model  wee  Untied  with  the  air  cushion  vented  compered  to  Undine* 
In  the  normal  landing  configure  Hunt 

4,  The  positive  or  noee  down  pttoh  stiffness  of  the  tenth-scale 
AC14  we*  191  higher  then  the  negative  pitch  stiffness  value  of  ,11  lb 
ft  per  deg.  The  roll  atlffneee  of  ,004fl  4  11  lb  ft  per  dog  va»  too  law 
to  operate  the  model  in  teal  and  lending  teat*  without  a  wing  tip 
contacting  the  ground, 

*>*  The  tenth-scale  Jindlvlk  ACLS  did  not  accurately  predict  the 
stiffness  of  the  full-scale  system,  but  a  reasonable  order-of -magnitude 
approximation  of  full-scale  stiffness  was  obtained.  A  comparison  of  the 
scaled  stiffness  factors  of  Che  tenth-scale  ACLi>  with  Che  same  values 
for  the  full-scale  system  show  the  tenth-scale  ACI.S  to  have  greater 
pitch  stiffness  (1550  4  31  lb  ft  per  deg  vs,  900  4  61  lb  ft  por  deg) 
and  greater  heave  stiffness  (1100  4  21  lb  per  in.  vs.  700  4  71  lb  per  In.) 
and  leas  roil  stiffness  (Aft  +  31  lb  ft  per  deg  vs.  60  4  61  lb  ft  per  dog). 


fiecommendat ions 

Based  on  findings  of  this  experimental  study  and  on  unexplained 
observations  recorded  in  experiments  conducted  In  support  of  this  study, 
the  following  recommendations  are  madat 

1,  An  improved  method  should  be  developed  for  the  attachment  of 
the  small  scale  ACLS  trunk  to  the  model.  The  attachment  system  should 
minimize  leaks  around  tho  trunk  attachment  line  and  eliminate  the  added 
stiff nose  causod  by  the  tape  and  caulk  used  to  prevent  these  leaks.  The 


. . . 
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system  should  be  designed  (a  facilitate  the  removal  and  niiUomhh^  of 
the  trunk  so  that  a  variety  of  trunk  designs  my  be  tested, 

2.  The  undimped  toil  unstable  pitch  otollUtiona  which  occurred  in 
«  elgnlfioant  region  of  the  tunth»soalo  AC U  operation  should  bo 
eaamined  experimentally  or  analytically  to  explain  the  occurrence  and 
predict  conditions  where  unstable  operation  may  occur  in  other  *lr 
cushion  landing  systems, 

3.  The  oetapult  tests  should  bo  repeated  using  *  neavler  drop 
weight  end  •  longer  lending  sons*  High  speed  camera  coverage  should 
bo  lnoreaeed  to  include  more  of  the  lending  dynamics.  The  forward 
pitching  of  the  oerriege  et  high  speeds  oen  be  diminished  by  redesigning 
the  oerriege  stop, 

4.  The  possibility  of  using  e  battery  to  power  the  ACLS  eir 
supply  system  should  be  Invest igeted*  A  battery  powered  system  would 
eliminate  the  extraneous  forces  caused  by  the  power  umbilical. 
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Appendix  A 

Soul*  Verlf lost  ion 

Scaling  parameter  determination  was  based  on  a  constant  Proud • 
number  for  tha  t\ ow  beneath  tha  ACLS.  a  constant  density  and  constant 
llnaar  acoalaratlon  between  systems.  Thaaa  constraints  were  used  In 
computing  seals  factors  for  tha  propart  las  of  interest.  Table  1  gives 
a  summary  of  these  propart  las,  thalr  seals  factors  and  the  full-seals 
and  desired  tanth-seala  values  for  tha  Jlndivik  RPV.  Tha  conversion 
factors  are  computed  using  definitions,  dimensional  analysis  and  tho 
baalo  equation  F  •  ma. 

Table  I 

Scaled  Values  for  Tenth-Scale  Jlndivik  Design 


Quantity 

Units 

Symbol 

Full- 

Scale 

Scale  4 
Factor 

Tenth- 

Scale 

Trunk  Pressure 

psig 

Pt 

3*7 

S 

.17 

Cushion  Pressure 

PSig 

Pc 

.61 

S 

.061 

Force 

lbt 

F 

■  w 

s3 

-- 

Time 

sec 

t 

•* 

S^ 

mum 

Density 

lb /ft3 

VO 

.0825 

1 

.0825 

Nominal  Descent  Rate 

ft/seo 

V 

V 

7.66 

2.43 

Landing  Weight 

lbf 

W 

0 

2700 

s3 

2.7 

Length 

ft 

L 

23.31 

s 

2.33 

Span 

ft 

b 

20.75 

s 

2.075 

Cushion  Area 

in2 

\ 

2346 

s2 

23.66 

Max  Structure  Load 

g 

8max 

5 

1 

5 

a  For  tenth-scale,  scale  factor  S  »  1/10 
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Appendix  B 

$W*U  So* It  ACIS  Trunk  Manufacture 
Previous  ACIS  trunks  have  been  made  from  a  rubberised  fabric  cut 
in  e  pattern  and  sewn  together  to  form  the  trunk.  The  inelde  radius  of 
the  tenth-scale  Jlndtvik  trunk  as  shown  in  Fig*  12  is  .3  in.  The  cross 
section  of  the  trunk  has  two  radii  of  curvature  and  a  section  in  contaot 
with  the  fuselage.  The  toroidal  shape  of  the  trunk,  the  complex  cross 
section  and  the  small  inside  radius  at  the  ends  of  the  toroid  made  it 
difficult  to  fashion  a  pattern  out  of  a  flat  piece  of  fabric  and  a 
nightmare  to  make  the  pattern  into  a  trunk.  For  this  reason  a  new 
technique  was  developed  to  make  the  trunk*  A  positive  mold  of  the  trunk 
was  made  of  wood.  The  mold  was  covered  with  a  mixture  of  talcum  powder 
in  wood  alcohol  and  then  dipped  for  two  minutes  in  a  vat  of  liquid 
latex  rubber.  The  thickness  of  the  latex  rubber  can  be  varied  by 
repeated  dippings  or  by  changing  the  length  of  time  the  mold  is  dipped. 
The  trunk  was  dipped  in  a  liquid  coagulant  and  hung  up  to  dry.  After 
drying  the  trunk  was  cured  by  baking  it  for  1  hr  in  a  kiln  at  225  F. 

A  seam  was  cut  around  that  portion  of  the  trunk  which  would  be  against 
the  model  fuselage  and  the  mold  was  removed.  The  desired  hole  pattern 
was  out  in  the  trunk  then  it  was  taped  together  and  fastened  to  the 
fuselage  by  two  way  tape.  The  interior  of  the  trunk,  along  the  line 
where  it  contacted  the  fuselage,  was  calked  and  taped  to  prevent  air 
from  escaping  from  the  trunk  into  the  cushion  region.  The  trunk  was  then 
ready  for  testing. 


Bottom  view 
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Appendix  C 
Catapult  Design 

A  catapult  was  designed  to  launch  the  model  for  landing  tests. 

The  catapult  used  a  weight  and  pulley  system  to  accelerate  the  model. 

The  constraints  imposed  upon  the  design  were  that  the  maxlmim  drop 
height  for  the  weight  was  14  ft,  the  area  available  for  catapult  instal¬ 
lation  and  landing  zone  was  90  ft  long  and  the  materials  available  for 
the  catapult  launch  rails  were  two  25  ft  aluminum  channel  beams. 

In  trying  to  get  the  highest  launch  speed,  systems  having  a  mechan¬ 
ical  advantage  of  1,  2  and  4  were  compared  using  a  nominal  drop  weight 
of  50  lb  and  a  catapult  length  of  24  ft.  Using  the  principle  of  concer- 
vation  of  energy  it  was  determined  that  the  best  system  was  the  one 
with  the  mechanical  advantage  of  2.  The  equation  used  in  the  calcu¬ 
lations  sets  the  maximum  potential  energy  of  the  drop  weight  equal  to 
the  Kinetic  energy  at  launch  of  the  drop  weight  plus  the  carriage  and 
model.  The  launch  velocity  is  solved  for  from  the  above  relation. 

The  front  and  rear  catapult  supports  are  height  adjustable 
allowing  the  release  altitude  and  the  launch  velocity  vector  to  be 
varied.  The  front  and  rear  model  supports  on  the  catapult  carriage 
are  also  height  adjustable  which  allows  the  pitch  attitude  of  the 
model  at  release  to  be  varied. 
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Appendix  D 
Instrumentat ion 

The  testing  of  a  small  scale  model  required  that  the  instrumentation 
provide  good  resolution  with  a  minimal  amount  of  loading  on  the  system. 
The  problems  encountered  in  instrumentation  were  primarily  due  to  the 
fact  that  sophisticated  instruments  providing  the  desired  resolution 
were  too  large,  too  complex  or  too  expensive.  For  most  of  the  tests, 
a  simple  test  set  up  employing  inexpensive,  easy  to  use,  readily  avail¬ 
able  measurement  apparatus  was  found  to  be  satisfactory. 

ACLS  Operating  Characteristics!  The  diameter  of  the  ports  in  the 
trunk  which  provided  air  flow  to  the  cushion  were  measured  with  an 
engineers  scale  to  an  accuracy  of  +  .02  in.  The  gage  pressure  was 
measured  with  a  U-tube  water  manometer  to  an  accuracy  of  +  .025  in.  H^O. 

Static  Stiffness  Determination!  The  weights  used  to  provide  the 
moment  on  the  ACLS  for  pitch  and  roll  stiffness  tests  were  weighed  to 
an  accuracy  of  +  .5  gm.  The  weights  used  to  load  the  eg  in  the  heave 
stiffness  test  were  measured  to  an  accuracy  of  +  2  gra.  These  weight 
measurements  were  made  with  a  two  arm  balance  scale  with  a  resolution 
and  accuracy  of  .1  gm.  The  moment  arms  were  measured  to  an  accuracy  of 
+  .25  in.  The  deflections  of  the  model  were  measured  to  the  nearest 
32nd  of  an  inch.  Trunk  and  cushion  pressures  were  measured  with  U-tube 
manometers  which  provided  gage  pressure  readings  accurate  to  +  .025 
in.  HjO. 

Drop  Test  Measurements!  The  drop  tests  involved  dynamic  measurements 
of  pressure  response  and  g  loads.  The  instruments  used  in  these  tests 
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were  necessarily  more  sophisticated.  The  trunk  and  cushion  pressures 
were  measured  by  Bell  and  Howell  type  4-312-0050  pressure  transducers. 
These  transducers  had  a  range  of  +  2.5  psi  and  a  sensitivity  of  +  500 
mv  per  psi.  The  acceleration  of  the  eg  was  measured  by  one  of  two  inst¬ 
ruments.  The  most  satisfactory  in  terms  of  output  was  a  Bell  and  Howell 
type  4-202-0001  accelerometer  with  a  range  of  +  10  g  and  a  sensitivity 
of  4.6  mv  per  g.  This  accelerometer  weighed  80  gm  and  was  located  2  in. 
aft  of  the  eg.  In  this  position  it  provided  more  loading  on  the  system 
than  was  desired.  The  combined  nonlinearity  and  hysteresis  error  for 
the  pressure  transducers  was  .1ST  of  full  range  and  for  the  acceler¬ 
ometer  was  .11%  of  full  range.  The  BBN  501  accelerometer  weighed  1.8 
gm  and.  located  2  in.  aft  of  the  eg.  provided  a  negligible  load  on  the 
system.  This  piezoelectric  accelerometer  measured  only  the  dynamic  g's 
and  during  short  periods  of  equilibrium  such  as  during  free  fall,  the 
signal  from  the  BBN  501  would  decay  exponentially.  With  large  acceler¬ 
ations  such  as  the  3  to  5  g  signal  due  to  a  landing,  the  zero  of  the 
BBN  501  tended  to  drift.  For  these  reasons,  only  the  initial  peak  g 
forces  of  a  landing  could  be  satisfactorily  measured.  By  comparing  the 
peak  g  signal  of  the  BBN  501  with  that  of  the  Bell  and  Howell  acceler¬ 
ometer  for  simil  '-  its,  it  was  detained  that  an  accuracy  of  +  10% 
could  be  expected  in  the  ’  eak  g  signal  of  the  BBN  501. 

The  signals  from  the  pressure  transducers  and  Bell  and  Howell 
accelerometer  were  fed  to  Bell  and  Howell  type  8-114  signal  conditioners. 
These  conditioners  provided  the  necessary  excitation  voltage  to  the 
Instruments,  the  variable  gain  provided  the  desired  output  level  and  the 
filtering  system  cut  out  noise  with  frequencies  of  30  cps  and  greater. 
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The  B3N  501  signal  was  amplified  by  a  Dymec  Model  246GA  amplifier*  The 
conditioned  signals  went  to  Honeywell  M-100-350  galvanometers*  These 
galvanometers  had  a  sensitivity  of  2.32  in.  per  mv  with  flat  response 
to  an  input  frequency  of  up  to  60  cps*  The  galvanometer  output  was 
linear  to  within  +  2 X  for  a  peak  to  peak  output  range  of  8  in.  The 
output  signals  of  the  galvanometers  were  displayed  by  a  Honeywell  Visa- 
corder*  The  oscillograph  could  be  read  to  an  accuracy  of  +  .05  in.  This 
corresponded  to  values  for  the  signals  of  +  .1  in.  H20  for  trunk  pressure. 
+  .05  in.  H20  for  cushion  pressure  and  +  .05  g  for  the  load  at  the  eg. 

Catapult  Tests i  The  tests  were  filmed  with  a  high  speed  camera  at 
a  rate  of  250  frames  per  sec.  The  launches  at  V  max  were  filmed  at 

Li 

500  frames  per  sec.  The  slide  out  distance  was  measured  to  an  accuracy 
of  +  «. 

Pull  Tests i  The  device  used  to  measure  Fp  was  a  spring  deflection 
type  gage  with  a  resolution  of  .01  lb.  This  gage  was  calibrated  and 
found  to  be  accurate  to  +  .01  lb  and  linear  throughout  its  range  of 
measurement.  This  gage  was  fixed  to  the  model  by  means  of  a  pulley 
system  with  a  weight  counterbalancing  the  gage  weight.  Fp  was  deter¬ 
mined  by  subtracting  the  force  required  to  raise  the  counterbalance 
weight  from  the  force  measured  to  pull  the  model.  In  the  cases  where 
Fp  was  greater  than  1  lb  the  counterbalance  weight  was  not  used  and  the 
weight  of  the  gage  was  added  to  the  measurement  force  to  determine  Fp. 

The  system  was  deemed  accurate  to  +  *02  lb  at  values  of  Fp  below  1  lb. 
and  to  +  .05  lb  for  F_  above  1  lb. 
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Appendix  E 
Summary  of  Test  Data 

The  data  taken  in  the  tests  performed  in  support  of  this  study  are 
summarized  in  the  figures  and  tables  of  this  appendix. 

Air  Supply  System  Performance  with  Changing  Flow  Rate*  The  air 
supply  system  was  tested  to  determine  the  pressure  rise  created  by  the 
two  axial  flow  fans  in  relation  to  the  flow  rate  of  the  system.  The 
flow  rate  is  dependent  upon  the  pressure  rise  across  the  fans  and  upon 
the  flow  area  downstream  of  the  fans.  It  was  assumed  that  P  was  equal 

V  *  * 

to  the  pressure  rise  of  the  system.  P  was  measured  OGE  as  the  trunk 

t 

flow  area  was  varied  and  the  flow  rate  was  computed  as  shown  in  Appendix 
F.  Table  II  contains  the  data  of  this  test. 

Determination  of  ACLS  Pressure  Response  to  a  Change  in  Trunk  Flow 
Areat  As  discussed  in  Chap.  3  the  trunk  and  cushion  pressures  and  the 
pitch  stability  of  the  ACLS  were  checked  for  a  number  of  flow  areas  at 
different  power  settings.  Table  III  gives  the  data  from  this  test. 

Pull  Test i  The  force  required  to  pull  the  model  forward  at  a  slow 
speed  was  measured  for  a  number  of  configurations.  The  results  are 
tabulated  in  table  VIII. 

Heave  Stiffness  Testi  Lead  shot  bags  were  placed  over  the  eg  of 
the  model  and  the  change  in  the  height  of  the  wing  roots  was  measured 
as  were  the  trunk  and  cushion  pressures.  From  the  data  an  average 
deflection  per  unit  weight  was  computed  and  used  as  the  heave  stiffness 
factor.  Tests  were  conducted  at  a  number  of  different  configurations 
representing  the  normal  landing  configuration,  the  cushion  vented 
landing  configuration,  a  take  off  configuration  and  an  air  cushion 
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vented  take  off  configuration.  Tables  IV  -VII  give  the  results. 

Roll  Stiffness  Testi  A  torque  about  the  longitudinal  axis  was 
applied  by  placing  weights  on  the  wing.  The  distance  from  each  wingtip 
to  the  surface  was  measured  for  each  torque  applied.  The  angular 
deflection  about  the  longitudinal  axis  was  computed  and  the  average 
angular  deflection  per  unit  torque  was  used  as  the  roll  stiffness  factor. 
The  data  from  the  roll  stiffness  tests  are  found  in  tables  IXa  and  IXb. 

Pitch  Stiffness  Test!  A  torque  about  the  lateral  axis  was  applied 
by  placing  weights  on  the  nose  or  tail  of  the  model.  The  distance 
between  the  surface  and  the  tip  of  the  nose  and  the  base  of  the  tail  was 
measured  for  each  torque  applied.  The  angular  deflection  about  the 
lateral  axis  was  computed  and  the  average  angular  deflection  per  unit 
torque  was  used  as  the  pitch  stiffness  factor.  The  data  from  the  pitch 
stiffness  tests  are  tabulated  in  tables  Xa  and  Xb. 

Drop  Tests i  Drop  tests  were  conducted  to  determine  the  ACLS  pressure 
response  and  peak  loads  imposed  upon  the  eg  by  the  vertical  forces  of 
landing.  The  tests  were  conducted  from  different  drop  heights  in  a  number 
of  configurations.  Table  XI  and  XII  summarize  the  data  taken  in  the 
drop  tests. 

Braking  Factor «  The  model's  slide  out  distance  for  the  catapult 
tests  provided  information  on  the  sliding  friction  coefficient.  A 
braking  factor  was  computed  for  the  air  cushion  vented  landing  config¬ 
uration.  As  a  check  fox  the  computed  braking  factor  the  cushion  area  was 
computed  using  the  average  braking  factor  of  Table  XIII  and  a  nominal 
cushion  pressure  of  1.0  in,  H20,  The  theoretical  value  wes  compared  to 

the  estimated  value  of  the  static  A  •  The  results  are  shown  in  Table  XIV. 

c 
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Table  II 


Trunk  Pressure  and  Flow  Rate  vs  Trunk  Flow  Area 


Effective 
Trunk  Flow  Area 

CdAn  <in‘  2) 

Power 

Frequency  (HZ)  / 
Voltage  (VAC) 

Trunk3 
Pressure 
(in.  H20) 

Flow  Rate  (cfm) 

360/105 

5.  2 

0 

All  ports  closed 

400/115 

6.  0 

0 

440/125 

6.  8 

0 

360/105 

5.  0 

2.  13 

.0035 

400/115 

5.  8 

2.  31 

440/125 

6.  6 

2.  44 

360/105 

4.  90 

4.  22 

.  007 

400/115 

5.  75 

4.  56 

440/125 

6.  40 

4.  84 

360/105 

4.  80 

6.  28 

.  0105 

400/115 

5.  65 

6.  80 

440/125 

6.  30 

7.  17 

360/105 

4.  80 

8.  37 

.  014 

400/115 

5.  60 

9.  03 

440/125 

6.  25 

9.  53 

360/105 

14.  6 

.0165 

400/115 

15.  8 

440/125 

16.  9 

360/105 

4.  25 

33.  8 

.  0255 

400/115 

4.  90 

36.  3 

440/125 

5.  70 

39.  2 

360/105 

51.  3 

.  0605 

400/115 

4.  50 

55.  0 

440/125 

5.  20 

59.  2 

360/105 

3.  55 

66.  7 

.  0954 

400/115 

4.  20 

76.  3 

440/125 

4.  80 

77.  7 

360/105 

3.  20 

80.  6 

.  1304 

400/115 

3.  80 

87.  8 

440/125 

4.  35 

93.  8  | 

aMeasurementg  taken  out  of  ground  effect. 
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Table  til 


AC1*S  PrAR«ure  Heaponwe  »«  a  Function  at'  1  runk  Flow  Area 


Trunk  Flow  Area 
An  (aq  In) 

Power 

Frequency  (11/.)/ 
Voltage  (VAC) 

Stability* 

Trunk 
Pressure 
(In.  1I20) 

.1LU  IW  -1 

C'uuhlon 

P rcauure 
(in.  H.»0) 

.16 

360/105 
400/115 
. 440/ U*i 

S 

s 

«5 

4.  60 

5.  40 

_ _ fcUUL  . 

.  50 
.  80 

.  36 

360/105 
400/115 
.  440/125  _ 

S 

s 

4.  00 

4.  60 

l.  86 

1. 90 
.  L.  90 

.  56 

360/105 
400/115 
. 44.0  /L25. 

s 

s 

N  . 

- 

3.  60 

4.  20 

4.  70 

1. 80 

1.  75 

.  76 

360/105 

400/115 

440/12^ 

s 

s 

3.  40 

3.  80 
4.30 

1.  80 

1. 80 

1.  75 

360/105 

.  „ 

s 

3.  20 

1. 80 

.96 

400/115 

N 

3.  50 

1.  75 

440/125 

N 

3.  86 

1. 80 

360/105 

S 

3.  00 

l.  80 

1.  16 

400/115 

N 

3.  26 

1 .  80 

440/126 

.  ..  u .... 

3.  54 

1 . 80 

360/105 

s 

2.  80 

1 .  80 

1.  36 

400/115 

u 

3.  00 

1. 80 

440/125 

u 

3.  20 

1.  90 

Pitch  stability  was  tested  by  observing  the  response  to  a  pulse  applied 
to  the  tail.  S  indicates  the  oscillations  damped  to  /. e ro,  N  indicates 
the  oscillations  were  undamped  and  U  indicates  the  oscillations  were 
unstable. 
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Tuhle  tv 


Deflection  of  eg  with  lueietiaed  l,o«d  for  1, ending  C!onflgv>rftUon 


Weight 

m 

'«  *-«■> *qrm  ■■  <  w-->  .»»gne*  q  yestrt*  » 

A  * 

A  Hu#f 

(32nd#  to,  ) 

'TM  -*-r  tt— m-t— ■  r  -  t.  <  »«.  «c. 

Total  AUCJ4 
(22iuU  Uw  ) 

«  ** v^mj-er  ' r»‘-u-  itu. »♦>  ■  ^ 

l7vifthtOll 

Presume 

<iM  H.O) 

**> 

™r»  'Turn™” 

Pressure 
(lit.  H,0) 

0 

Q 

0 

l.  aa 

4.  75 

1/4 

l 

1 

i.‘ia 

4,  ?a 

1/2 

1 

2 

2.  on 

4.  75 

2/4 

.  2 

2.  a 

*4.  20 

4.  75 

l 

.  a 

3 

2.  30 

4.  75 

1  1/4 

l 

4 

2. 4a 

4.  75 

1  1/2 

.  a 

4»  a 

4.  a  a 

4.  75 

l  3/4 

a 

2.  ?a 

4.  75 

2 

i  •* 

a.  a 

40 

4.  75 

£  1  /  4 

i.  a 

7 

c.  95 

4.  It 5 

2  1/2 

.  a 

i.  a 

3,  05 

4.  90 

2  2/4 

i 

a.  a 

3.  15 

4.  90 

3 

i 

4  a 

3.  30 

4.  90 

a 

A  Htfg  is  the  vertical  deflection  of  the  eg  due  to  increased  weight 
accurate  to  t  10%. 


43 


*fcw 


UAM/AK/?*A-lt 


Yahl*  V 

Deflection  of  with  Increased  Load  for  Landing  Configuration 

with  Air  Cushion  Vented 


(3*Jnd«  in,  ) 


Tout  Alloa 
(13nri«i  in, 


2  1/2 
3 

3  1/2 

4 


5 

? 

7 

7.  5 

a 

10 

II 

13 

16 

19 


Trunk  Pressure 

do.  Ha0) 


4.  70 
4.  75 
4.  ao 

4.  95 

5.  00 
5.  10 
5.  20 
5.  25 
5.  25 
5.  25 
5.  25 


5.  25 
5.  25 


f\HCy  is  the  vertical  deflection  of  the  eg  due  to  increased  weight, 
accurate  to  ■+  10%. 
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Table  VI 


Defection  of  eg  with  Increased  Load  for  Take  Off  Configuration 


Weight 

(lb) 

(32nl«  in.  ) 

Total  AH0g 
(32nds  in.  ) 

T  rank 
Pressure 
(in.  H20) 

Cushion 
Pressure 
(in.  H20) 

0 

0 

0 

3.  10 

1.  90 

1/4 

.  5 

.  5 

3.  15 

2.  10 

Ml 

.  s 

1 

3.  25 

2.  25 

3/4 

.5 

1.5 

3.35 

2.  40 

1 

.  5 

2 

3.40 

2.  52 

1  1/4 

.  5 

2.  5 

3.  50 

2.  66 

l  Ml 

.  5 

3 

3.  65 

?,.  75 

1  3/4 

1 

4 

3.  75 

2.  90 

2 

1 

5 

3.  90 

3.  0 

2  1/4 

.  5 

5.  5 

4.  00 

3.  10 

2  1/2 

1 

6.  5 

4.  10 

3.  25 

3 

2.  5 

9 

4.  30 

3.  40 

3  1/2 

2.  5 

11.5 

4.  40 

3.  60 

4 

2.  5 

14 

4.  55 

3.  75 

AH  is  the  vertical  deflection  of  the  eg  due  to  increased  weight, 
accurate  to  t  10%. 
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Table  VII 


Deflection  of  eg  with  Increased  Load  for  Take  Off 
Configuration,  Air  Cushion  Vented 


qttpqJHHHI 

| 

■El! 

Total  AHcg 
(32nds  in. ) 

Trunk  Pressure 
(in.  H20) 

0 

0 

0 

4.  30 

1/2 

1 

1 

5.  15 

1 

1.  5 

2.  5 

5.  30 

1  1/2 

1 

3.  5 

5.40 

2 

2 

5.  5 

5.  45 

2  1/2 

2.  5 

8 

5.45 

3 

2.  5 

10.  5 

5.45 

3  1/2 

2 

12.5 

5.45 

4 

3 

15.5 

5.45 

a 

AHcg  is  the  vertical  deflection  of  the  eg  due  to  increased  weight, 
accurate  to  +  10%. 


Table  VIII 


Results  of  Pull  Tests 

Configuration 

Pt  IGE 
(in.  H20) 

Pc  IGE 
(in.  H20) 

Pull  Force 

Fp  (lb)a 

Taxi/ Take  Off 
(maximum  air  flow) 

2.  90 

1.  90 

.  02 

Taxi/ Take  Off 
brakes  applied 
(air  cushion  vented) 

4.  75 

.  10 

1.  70-1. 75 

Normal  Landing 

4.  75 

1.  80 

.  40-.  45 

Normal  Landing 
brakes  applied 
(air  cushion  vented) 

S.  0 

.  05 

1.  80-1. 85 

Measurements  accurate  to  +  .  02  lb  for  Fp  leas  than  1  lb,  accurate  to 
Hh  .  05  lb  for  Fp  greater  than  1  lb. 


46 


GAM/AE/73A-15 


<W<IWW4INW< 


GAM/AE/73A-15 


Table  IXa 

Roll  Angle  of  ACLS  for  Positive  Torque  Applied 
About  the  .Longitudinal  Axis 

Note:  Positive  torque  is  that  torque  produced  by  weight  on  the  right 
wing. 


Number 
of  Weights8 

H  b 

WR 

(in.  ) 

hwlC 

(in.  ) 

Roll  Angle 
0  (deg) 

Trunk 

Pressure 
(in.  H20) 

Cushion 
Pressure 
(in.  H20) 

0 

3 

3 

0 

4.  75 

1.  75 

1 

2  23/32 

3  9/32 

1.47 

4.  75 

1.  85 

2 

2  15/32 

3  17/32 

2.  77 

4.  75 

1.  80 

3 

2  6/32 

3  26/32 

4.  4 

4.  75 

1.  70 

4 

1  29/32 

4  1/32 

5.  55 

4.  75 

1.  60 

5 

1  19/32 

4  10/32 

7.  1 

4.  75 

1.  40 

6 

1  8/32 

4  19/32 

8.  75 

4.  75 

1.  30 

aEach  weight  weighed  8.  4  x  10"^  lb  +  3%. 

^Measured  height  of  the  right  wingtip  accurate  to  1/32  in. 
cMeasured  height  of  the  left  wingtip  accurate  to  1/32  in. 


Table  IXb 

Roll  Angle  of  ACLS  for  Negative  Torque  Applied 
About  the  Longitudinal  Axis 

Note:  Negative  torque  is  that  torque  produced  by  weight  on  the  left  wing. 


Number 
of  Weights8 

hwr 

(in.  ) 

hwlC 

(in.  ) 

Roll  Angle 
0  (deg) 

Trunk 
Pressure 
(in.  H20) 

Cushion 
Pressure 
(in.  H20) 

0 

3 

3 

0 

4.  75 

1.  75 

1 

3  7/32 

2  25/32 

1.  15 

4.  75 

1.  70 

2 

3  16/32 

2  16/32 

2.  60 

4.  75 

1.  60 

3 

3  25/32 

2  6/32 

4.  15 

4.  75 

1.40 

4 

4  2/32 

1  28/32 

5.  75 

4.  75 

1.  20 

5 

4  10/32 

1  18/32 

7.  18 

4.  75 

1.  10 

6 

4  19/32 

1  7/32 

8.  82 

4.  75 

1.  00 

aEach  weight  weighed  8.  4xl0"-*jf  3%. 

t- 

^Measured  height  of  the  right  wingtip  accurate  to  1/32  in. 
cMeasured  height  of  the  left  wingtip  accurate  to  1/32  in. 
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Table  Xa 

Pitch  Angle  of  ACLS  for  Positive  Torque  Applied 
About  the  Lateral  Axis 


Note:  Positive  torque  is  that  torque  produced  by  weight  on  the  tail 
causing  a  nose  high  attitude 


Number 
of  Weights3, 

H  b 

HN 

(in.) 

htc 

(in.  ) 

Pitch  Angle 
©  (deg) 

Trunk 

Pressure 
(in.  H20) 

Cushion 

Pressure 
(in.  H20 

0 

3  21/32 

2  20/32 

2.  27 

4.  75 

1.  80 

1 

3  23/32 

2  16/32 

2.  68 

4.  75 

1.80 

2 

3  26/32 

212/32 

3.  15 

4.  75 

1.  60 

3 

3  28/32 

2  8/32 

3.  57 

4.  75 

1.45 

4 

3  30/32 

2  4/32 

3.  98 

4.  75 

1.25 

5 

4 

2  2/32 

4.  26 

4.  75 

1.  10 

6 

a 

1  29/32 

4.  74 

4.  75 

.80 

7 

1  27/32 

5.  03 

4.  75 

.  65 

8 

1  24/32 

5.  37 

4.  75 

.  50 

^Each  weight  weighed  29  gm  _+  3% 

DMeasured  distance  between  tip  of  nose  and  surface  accurate  to  1/32  in. 
cMeasured  distance  between  base  of  tail  and  surface  accurate  to  1/32  in. 


|  Table  Xb 

‘  Pitch  Angle  of  ACLS  for  Negative  Torque  Applied 

f  About  the  Lateral  Axis 


Note:  Negative  torque  is  that  torque  produced  by  weight  on  the  nose 
causing  a  nose  low  attitude. 


H  b 

hn 

(in.  ) 


Trunk 

Pitch  Angle  Pressure 
©  (deg)  (in.  H20)  I  (in.  H,0 


2  22/32 
2  24/32 
2  26/32 
2  28/32 
2  30/32 


2.  07 
1.  78 
1.  52 
1.  17 
.  83 
.  55 
.27 
-.  07 
-.41 


4.  75 
4.  75 
4.  75 
4.  75 
4.  75 
4.  75 
4.  75 
4.  75 
4.  75 


1. 

80 

1. 

80 

1. 

75 

1. 

60 

1. 

35 

1. 

20 

1. 

05 

# 

80 

Table  XH 
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Table  XIII 

Braking  Factor  for  Landings  with  Air  Cushion  Vented 


Launch  Velocity 

VL  (fps)  +  10% 

Slide  Out 

Distance  (ft)  +_  4% 

Braking  Factora 
p  +  20% 

11.4 

6.  7 

.  30 

18.  7 

16.  0 

.  34 

26.  4 

35.  2 

.  31 

30.  5 

40.  0 

.  36 

aAverage  braking  factor  found  to  be  .  33.  Error  Analysis  in  Appendix  F. 


Table  XIV 

Theoretical  Value  of  Air  Cushion  Area 


Note:  Braking  factor  was  assumed  to  be  the  average  p  computed  for 
landings  with  the  air  cushion  vented.  P  was  assumed  to  be 
1.0inH20.  c 


Launch 

Slide  Out 

Theoretical 

Static 

Full  Scale  A 

Velocity  (fps 

Distance  (ft) 

Ac  (sq  in) 

Ac  (sq  in) 

■f 

(sq  in  x  lO"'1') 

11.4 

13.4 

37.  5 

26 

23.  46 

18.  7 

26.  1 

25.  8 

26 

23.  46 

26.4 

49.  1 

23 

26 

23.  46 

Approximate  value  of  air  cushion  area  computed  for  static  operating 
conditions  in  the  normal  landing  configuration. 
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Appendix  F 


Calculations  and  Error  Analysis 


Computation  of  Volumetric  Flow  Ratei  The  volumetric  flow  rate  for 


the  ACLS  air  supply  system  was  computed  from  measurements  of  the  trunk 
rlow  area  and  trunk  pressure  measured  out  of  ground  effect.  It  was 
assumed  that  the  flow  was  steady,  one  dimensional,  incompressible  and 
obeyed  the  perfect  gas  law.  The  equations  use  the  following  symbols* 


1h  is  the  mass  flow  rate, 

p  is  the  density  (assumed  to  be  standard  ambient  density). 

u  is  the  flow  velocity  from  ports  in  the  trunk. 

A  is  the  actual  trunk  flow  area, 
n 

Cj  is  the  discharge  coefficient. 

Q  is  the  volumetric  flow  rate, 

P  is  the  ambient  pressure. 

A 

rfi  a  p  A  C  .u 
ra  n  d 

It  is  assumed  that  the  flow  velocity  in  the  trunk  region  is  negligible. 
Solving  Bernoulli's  equation  for  u  and  using  the  fact  that  P  (gage)  equals 
P  (absolute)  minus  P  (absolute)  gives  the  expression 

t  ci 


ft  “  AC 
n  d' 


The  volumetric  flow  rate  is  simply  the  mass  flow  rate  divided  by  the 

density.  After  performing  a  dimensional  analysis  for  the  measured  data 

and  substituting  the  value  of  p  ,  the  expression  used  to  calculate  Q  was 

& 


Q(cfm)  “  272  CdAn(in2) /P  (in.  H.O) 
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The  error*  in  the  value  of  Q  come  from  error*  in  measuring  the 
radii  of  the  port*  in  the  trunk  and  from  error*  in  the  measurement  of 
trunk  pressure*  The  average  error  in  radius  measurement  was  ♦  it,  Thi* 
made  the  average  error  in  the  area  computation  *  10t.  The  error  in  i* 

ti 

1*  small  compared  to  the  error  in  therefore  the  error  in  y  ia  taken 

to  be  the  same  as  the  error  In  the  value  of  A(>. 

Computation  of  Heave  Stiffness  Factor!  The  relation  between  the 

weight  added  to  the  model  at  the  eg  and  the  deflection  of  the  or  wa* 

found  to  be  nearly  linear.  The  extended  difference  method  was  used 

to  calculate  the  slope  of  the  line.  The  value  computed  for  the  slope 

was  then  used  as  the  heave  stiffness  factor  (lb  per  In,), 

The  errors  in  come  from  errors  in  measuring  the  walght  and  the 

eg  deflection  AHcg.  The  error  in  weight  measurement  is  J;  11,  The  error 

in  measuring  AH  was  found  to  be  l.St.  The  heave  stiffness  factor  is 

CR 

equal  to  the  unit  weight  divided  by  the  deflection  of  the  eg  hence 


. T~ 


RMS  error  in  n  \ /(error  in  weight:)  f  (error  in  aH _ )  «  +  21 


eg 


Computation  of  the  Roll  Stiffness  Factort  The  relation  between  the 
amount  of  weight  applied  to  a  wing  and  the  resulting  angular  deflection 
was  found  to  be  linear.  The  slope  was  computed  using  the  extended 
difference  method.  This  value  was  multiplied  by  the  moment  arm 
(distance  between  the  eg  of  the  weights  and  the  eg  of  the  model)  to 
find  the  roll  stiffness  factor  K0. 


K 


0 


a  unit  weight 
roll  deflection 


x  moment  arm 
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the  «mu'  in  the  roll  atiffue**  wa*  toads  up  of  the  enni*  in 
MMiui'lhft  the  weight**  the  height  of  the  wlngtlp*  amt  the  moment  aw*. 
The  weight  measurement  evrm  K  ta  *  IS,  Tun  error  in  the  measurement 

W  " 

of  thi  moment  am  K  U  ♦  3,41,  The  error  in  meaaurina  the  height  of 

IW  ““ 

the  vln&tlpa  i«  *  IX.  The  angular  deflection  in  commuted  from 

. 'T>) 

where* 

0  1*  the  toil  angle. 

AH  in  the  difference  in  the  heights  of  the  wingtips. 
b  i«  the  span. 

Since  the  error  In  the  apan  measurement  la  ices  than  the  error  in 
Ail  (*5X  vs.  l.HX)  the  HMS  error  of  0  is  taken  to  be  1.51.  The  value 
of  the  error  in  ia  computed  from 

HMS  Error  in  h)2  ♦  (K^)2  +  (K^)2  **  +  3X 


Computation  of  Pitch  Stiffness  Factor!  Tho  computation  and  error 
analysis  of  the  pitch  stiffness  factor  Kg  is  oxuctly  parallel  to  the 
computation  and  error  analysis  of  the  roil  stiffness  factor.  The  error 
in  Kg  is  found  to  be  +  3T. 

Vertical  Ho  a  cent  Rat.oi  In  computing  tho  vertical  descent  rata  Vy 
it  was  assumed  that  the  model  was  in  free  fall  ft  cm  the  release  until 
the  trunk  contacted  tho  surface,  Tho  computations  employed  tho 
following  relational 


H 


d 


V  *  at 
v 
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i«  Shi  drop  height, 

»  in  thi  acceleration  of  gravity, 

I  U  Shi  lime  from  rii»ft«i  until  ch«  trunk  contact#  thi  aurfaca, 

Thi  error#  Involved  come  from  thi  irror  in  weanurlng  #nd  thi  irror 

2 

from  Assuming  ft  to  ho  miutl  to  lj.2  ft  par  #eo  ,  Th»  KN8  irror  in 
computing  t  it  ♦  IX.  Thi  HNS  irror  thftt  result#  for  thi  estimate  of 
Vv  In  less  thin  ♦  it* 

Computation  for  Uunch  Velocity!  Th«  full  travel  of  the  catapult 
carriage  was  timed  3  time#  and  the  average  value  was  taken  to  he  the 
time  for  full  carriage  travel.  It  wa#  a«#umed  that  the  acceleration  of 
the  carriage  wa#  constant  and  the  aame  value  for  any  carriage  release 
point  along  the  catapult,  vail#.  The  acceleration  of  the  carriage  wan 
computed  front 


wherei 


a  t2 
c  c 


hiving  ac 


ftQ  1«  the  acceleration  of  the  carriage. 

t  is  the  time  for  full  carriage  travel, 
o 

la  the  distance  the  carriage  travels. 

The  launch  velocity  was  then  computed  using  the  relational 

C!-  JLC  ,  V.  ■  •  t  -fto  L 

—  t  •  v  oc 


where  t  as  used  above  is  the  time  required  for  the  carriage  to  travel 
an  arbitrary  distance  L^. 

The  error  in  the  launch  velocity  comes  from  the  error  in  the 
computation  of  the  acceleration  *nd  the  error  in  measuring  L  , 

C 
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The  acceleration  error  ctxses  primarily  from  the  error  tn  measuring  tQ 
which  U  nominally  taken  to  be  *  103  Alvin*  for  the  acceleration  errovi 


RMS  acceleration  error  * 


\lu 


x  error  in  t  )  *  4  20X, 

Q  ~ 


The  error  In  V,  ii  duo  primarily  Co  &  to  than 

L  4 


RMS  error  in  *  >  101. 


u» 


Computation  of  Brake  Factor i  The  draft  foroe  on  tha  model  durina 

*lid«  out  equals  the  mass  of  the  model  timet  the  deceleration  of  the 

model.  The  drag  alto  equals  the  braking  coefficient  or  braking  factor 

p  times  the  weight  on  the  braking  surface,  it  was  assumed  Mutt  the 

deceleration  of  the  model  was  constant.  The  deceleration  a.  was 

d 

computed  in  the  following  manneri 


final  velocity  •  0  »  a^t  4 


whore  t  ia  time  from  touchdown  until  atop 

.  2 

landing  distance  d  *  V  t  »  ad 


8 


solving  for  ad#  * 


5 

2d„ 


The  weight  on  the  braking  surface  ia  the  weight  of  the  model,  minus 

the  upward  force  of  the  air  cushion  (PA)  minus  the  aerodynamic  lift. 

c  c 

For  the  air  cushion  vented  configuration!  the  last  two  values  were 
assumed  to  be  negligible  giving  the  modal  weight  to  bo  the  weight  on 


the  braking  surface.  The  braking  factor  p  was  then  computed  usingi 
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\u 


ft,  *  uH 

Oi  r  » 


substituting  for  p  *  **rk~ 

d  2Vc 


The  RNS  error  In  p  comes  primarily  from  the  error  In  VL  of  +  l  OX, 


RMS  error  In  p  *  y(2  x  error  In  \y)  «  j;  JOS. 


;or  Comr 


;omout im 


rn'ftt leal 


Value  of  The  average  value  of  p  was  used  to  compute  the  air  cushion 

area  Ao*  The  weight  on  the  brahing  aurfaco  was  assumed  to  be  the  weight 

of  the  model  minus  the  upward  force  from  the  air  cushion  F  A  .  This 

o  o 

was  used  In  the  relation  for  the  drag. 

Drae  -('irk  " 

c 


aubst 


scltutlng  for  u.  gives  PA  B  W  -  /  WmVL  \ 
a  c  c  ra 


PQ  was  nominally  chosen  to  be  1.0  in.  HjO  and  the  theoretical  value  of 
Aq  was  computed  using  the  relation  above. 
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Philip  N.  Parker,  Jr.  waa  born  r<  A.»  'i*t  18,  1945  In  buffalo,  Now 
York,  Cht  aon  of  Philip  M,  and  Laura  L.  Parker.  Ho  received  a  Congvea- 
atonal  appointment  to  tho  United  States  Air  Force  Academy  and  graduated 
in  1963  with  a  R.S.  in  Engineering  Soience  and  a  commission  as  a  2nd 
Lt  In  the  U.  $.  Air  Force.  He  attended  pilot  training,  at  l.aredo  A  KB 
Texas  and  received  hla  wings  in  September  1966,  He  served  in  tactical 
fighters  In  the  33rd  Tactical  Fighter  Wing  at  Kglln  AFB,  Florida  and 
the  13th  Tactical  Fighter  Squadron  at  Udorn  RTAFB,  Thailand.  He  returned 
to  Laredo  AFB  in  August  1968  and  served  there  as  an  Instructor  pilot 
until  his  assignment  to  AFIT  in  June  1972.  Capt  Parker  is  married  to 
the  former  Lou  Cinda  Marie  Stevenson  and  has  a  daughter,  Kimberly  Anne 
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